
homeland in the Liao Valley and adjacent 
lowlands of northeastern China (Fig. 1) about 
9,000 years ago, among a group of farmers 
who were among the first in the world to grow a 
type of grain called millet,  and who also reared 
pigs and had knowledge of weaving2.

The authors then compared the linguisti-
cally reconstructed lifestyle of the early Trans-
eurasian speakers with the archaeological 
record of northeastern Asia, examining a data-
base of 255 Neolithic, Bronze Age and Iron Age 
archaeological sites that date between 8,400 
and 1,700 years ago. This analysis supports 
a Neolithic millet- and pig-farming commu-
nity as corresponding to the primary ances-
try of Transeurasian languages, located in the 
Liao Valley from around 8,500 years ago and 
onwards (as supported by radiocarbon dating 
of archaeological sites), in circumstances 
that enabled strong population growth. This 
viewpoint is consistent with an independ-
ent archaeological appraisal, published this 
year, of the chronology of early cultivation of 
broomcorn millet (Panicum miliaceum), indi-
cating that this cultivation was under way by 
at least 4500 bc along the eastern branch of 
the Liao River3.

Finally, Robbeets et al. compared ancient 
genomes from many skeletal samples to iden-
tify the potential genetic ancestry of the Neo-
lithic population of northeastern China. This 
evidence suggests that these early farmers of 
the Liao Valley had an Amur genomic ancestry 
(named after the Amur River, located on the 
border between China and Russia), a genetic 
heritage that was once widespread through-
out northeastern China and the most easterly 
parts of Russia. This observation brings the 
genetic results of Robbeets et al. in line with 
the results of another analysis of ancient DNA 
from northeastern Asia, published earlier this 
year, that established an Amur genetic ances-
try for modern speakers of Mongolic and 
Tungusic languages4. However, ancient DNA 
from the oldest Liao Valley farmers, who lived 
around 8,500 years ago, is still lacking, and this 
absence renders elusive any certainty about 
their origins. 

If Robbeets and colleagues are correct, 
the implication must be that the early Trans-
eurasians and Sino-Tibetans were in the first 
instance derived, respectively, from two genet-
ically distinct and geographically separate 
Amur and Yellow river source populations, 
even though substantial genetic mixing 
between them occurred from later Neolithic 
times onwards. The search for the DNA of the 
first Neolithic farmers in East Asia remains a 
matter of urgency5.

The historical reconstruction favoured 
by Robbeets et al. aligns the origins of the 
Transeurasian language family with a widely 
supported hypothesis about farming and  
language dispersal that I have long favoured6–8. 
This model offers a way to explain the initial  

expansions of many of the world’s key  
language families, including Sino-Tibetan9, 
as being related to the substantial population 
growth that occurred during the behavioural 
shifts from a hunter-gatherer lifestyle to food 
production. It is true that many later Trans-
eurasian-language-speaking populations 
who moved into more-arid regions of central 
Asia, especially those of Turkic, Mongolic 
and Tungusic speakers, were primarily herd-
ers rather than cultivators. However, their 
dispersals were aided by extensive cultural 
interaction after 2300 bc with populations in 
western Eurasia that prompted the introduc-
tion of domesticated cattle, sheep and horses, 
and the adoption of dairy production10.

Robbeets and colleagues’ work provides 
an important contribution from at least two 
perspectives. It provides computational 
linguistic support for the existence of a 
unified Transeurasian language family, a 
concept that has divided linguists, some of 
whom have long regarded Turkic, Mongolic 
and Tungusic as being members of an Altaic 
language family separate from Japonic and 
Koreanic languages11. The authors’ analysis 
also puts the focus on the initial develop-
ment of agriculture in northeastern Asia as 

being the underlying driver of the expansion 
of Transeurasian languages, rather than the 
later development of specialized pastoral-
ism in central Asia. The study by Robbeets 
et al. stands as a welcome contribution to 
the debate over the origins of Transeurasian  
languages.
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Mitochondria — the cellular organelles crucial 
for energy production  — have long been 
thought to be disrupted in the neurodegener-
ative disorder Parkinson’s disease. Mitochon-
drial function relies on the activity of various 
enzyme complexes, and dysfunction of com-
plex I in particular has been implicated in  
Parkinson’s disease. González-Rodríguez et al.1 
report on page 650 that they genetically engi-
neered mice to lack the gene encoding a com-
plex I subunit called NDUFS2  in neurons that 
produce the neurotransmitter molecule dopa-
mine. One of the brain regions that has dopa-
mine neurons, the substantia nigra, contains 
the neurons that die first in individuals with 
Parkinson’s disease. The mice lacking NDUFS2 
show neurodegeneration, providing a model 
of Parkinson’s disease (named the MCI-Park 
model) based on mitochondrial dysfunction. 

Moreover, the authors’ findings challenge the 
long-held idea that loss of dopamine release 
in the target structure of substantia nigra 
dopamine neurons, a brain region called the 
striatum, is sufficient to elicit the movement 
deficits associated with Parkinson’s disease.

Mutations in genes encoding mitochon-
drion-associated proteins, including PINK1, 
parkin, DJ-1 and CHCHD2, have been shown 
to cause Parkinson’s disease in humans2,3, 
demonstrating that mitochondrial dysfunc-
tion alone can cause forms of this disorder that 
are driven by individual mutations. Sporadic 
Parkinson’s disease (cases for which there is 
no clear single genetic cause) might also stem 
from mitochondrial impairment. Individuals 
with this form of the disease have lower than 
normal levels of mitochondrial complex I in 
dopamine neurons of the substantia nigra4–6. 

Neurodegeneration

Principles of Parkinson’s 
disease disputed by model
Zak Doric & Ken Nakamura

Mice in which organelles called mitochondria are disrupted in 
vulnerable neuronal cells provide a new model of Parkinson’s 
disease. The pattern of neurodegeneration challenges 
long-held ideas about the disease’s motor symptoms. See p.650
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In addition, two toxins that inhibit complex I, 
called MPTP and rotenone, cause the prefer-
ential death of dopamine neurons in humans 
and rodents7. However, mice genetically 
engineered to lack the gene encoding a com-
plex I subunit called NDUFS4 in dopamine 
neurons do not show neurodegeneration8,9, 
even though the deletion of this gene is highly 
toxic for other types of neuron10. These obser-
vations called into question the possible role 
of complex I defects as a cause, rather than a 
by-product, of sporadic Parkinson’s disease.

The MCI-Park model, in which dopamine  
neurons lack NDUFS2, replicates key signa-
tures of the neuronal degeneration observed 
in individuals with Parkinson’s disease. In 
particular, MCI-Park mice display the char-
acteristic early dysfunction and degenera-
tion of dopamine neuron projections (called 
axons) that extend from the substantia nigra 
to the striatum (Fig. 1), whereas the axons of 
dopamine neurons in the ventral tegmental 
area (a region adjacent to the substantia nigra) 
are relatively unaffected. Although these  
features have been observed in other rodent 
models of Parkinson’s disease that involve 
mitochondrial dysfunction11–13, González-
Rodríguez and colleagues provide an exqui-
sitely detailed description of the progression 
of neuro degeneration associated with mito-
chondrial dysfunction, and its impact  on 
movement and neuronal function in the model 
mice.

However, like all other Parkinson’s disease 
models, the MCI-Park model does not recapit-
ulate every aspect of the disease. For example, 
sporadic Parkinson’s disease is associated with 
only a partial loss of complex I function. By 
contrast, the loss of NDUFS2, a catalytic sub-
unit of complex I, leads to a profound deficit 
in complex I function in the MCI-Park mice. 
This greater deficit presumably explains why 
the MCI-Park mice develop symptoms found 
in people with Parkinson’s disease, whereas 
mice lacking NDUFS4, which is a non-catalytic 
subunit14, do not8. In addition, in people with 
the disease, reductions in complex I activ-
ity are probably not restricted to dopamine 
neurons, whereas in MCI-Park mice only the 
dopamine neurons lack NDUFS2 and therefore 
show mitochondrial dysfunction.

Furthermore, people who have deficits in 
complex I function — for example owing to 
NDUFS2 mutations — do not develop Parkin-
son’s disease, but instead develop other neu-
rological disorders, such as Leigh syndrome15, 
that are associated with the deterioration of 
non-dopamine neurons. It is therefore likely 
that, in sporadic Parkinson’s disease, complex I 
dysfunction is combined with other genetic 
and environmental factors to produce toxicity 
in dopamine neurons in the substantia nigra. 
Nevertheless, the MCI-Park model represents 
one of the best models of sporadic Parkinson’s 
disease currently available. It will not only 

enable studies of the role of complex I defi-
ciency in disease, but also provide a model 
with which to assess the potential of thera-
peutic strategies.

A distinctive feature of MCI-Park mice is that 
the dopamine neurons degenerate over the 
course of several months, with a delay between 
the deterioration of the neurons’ axons and cell 
bodies. This delay enabled the authors to study 
the effect of the loss of dopamine at these two 
locations in detail. The degeneration of the 
axons of dopamine neurons of the substantia 
nigra leads to the loss of dopamine in the stria-
tum, which has long been considered the only 
cause of the movement problems that charac-
terize Parkinson’s disease. However, dopamine 
neurons also release dopamine from their cell 
bodies and from processes called dendrites in 
the substantia nigra. Intriguingly, the authors 
show that, in the MCI-Park mice, a reduction 
in striatal dopamine release is necessary, but 
not sufficient on its own, for the movement 
deficits associated with the disease. Only when 
dopamine release is also lost in the substantia 
nigra do these mice more closely recapitulate 
the disease symptoms.

This finding is a considerable advance, 
because it suggests that dopamine released 
from the cell body and dendrites in the sub-
stantia nigra has a crucial role in maintaining 
movement when the axons of these dopamine 
neurons degenerate. It will be crucial to 
determine whether specific movement defi-
cits in people with Parkinson’s disease sim-
ilarly reflect dopamine loss in the striatum 

compared with that in the substantia nigra. 
Future research should also determine how 
dopamine released from the cell body and 
dendrites supports movement under healthy 
conditions, in the absence of axonal degener-
ation and any compensatory circuit changes 
associated with this degeneration.

The above results also have implications 
for approaches in the design of treatments 
to restore dopamine signalling in individu-
als with Parkinson’s disease through gene 
therapy or by replacing the lost cells. So far, 
these approaches have focused mainly on 
creating dopamine ‘pumps’ in the striatum, 
either by transplanting dopamine-producing 
cells into the brain or by delivering viruses 
into the striatum that express the molecu-
lar machinery needed to make dopamine. 
The MCI-Park model suggests that restoring 
dopamine release in the substantia nigra 
might help to relieve the disease’s movement 
symptoms, too.

In addition, although promising, the current 
strategies to restore dopamine in individuals 
with Parkinson’s disease do not re-establish 
the original neural circuit between the sub-
stantia nigra and the striatum. The fact that 
dopamine released in the substantia nigra can 
enable mice to maintain some motor function 
even after dopamine release in the striatum is 
lost, as highlighted by González-Rodríguez 
et al., confirms the need for circuit integrity 
for full motor control. Notably, other work has 
suggested the possibility of re-establishing 
disrupted neural circuits by converting a type 

Figure 1 | Stages of neurodegeneration in a mouse model of Parkinson’s disease. The neurodegenerative 
disorder Parkinson’s disease is characterized by movement deficits such as impaired motor learning, slowed 
movement and stiffness. It is associated with the gradual loss of neuronal cells in a brain region called the 
substantia nigra (SN) that produce the neurotransmitter molecule dopamine and have projections (axons) 
that extend to another brain structure, the striatum. Dysfunction of cellular organelles called mitochondria 
has been implicated in Parkinson’s disease. González-Rodríguez et al.1 genetically engineered mice (named 
MCI-Park mice) to lack a gene encoding the mitochondrial protein NDUFS2 specifically in dopamine 
neurons. The mice show neurodegeneration of these neurons over several months. Initially, dopamine 
release from axons in the striatum is lost, and then dopamine release from cell bodies and processes called 
dendrites in the substantia nigra is reduced. Later, the axons degenerate and, finally, the cells die. A similar 
sequence of events might occur in individuals with Parkinson’s disease.
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Figure 1 | An experiment to detect neutrino oscillations. There are three flavours (types) of neutrino — 
electron, muon and tau, denoted respectively νe, νµ and ντ — and neutrinos undergo oscillations in flavour as 
they move through space. The probability that neutrinos of one flavour that are produced at a source turn 
into neutrinos of another flavour depends on the energy of the neutrino beam and on properties known as 
the oscillation parameters. These parameters are estimated by measuring the energy distribution of the 
neutrino beam at a detector close to the source and at one a distance L away (where L is typically thousands 
of kilometres). Khachatryan et al.1 showed that the models used to infer these energies fail to properly 
describe an analogous experiment on electrons, calling the accuracy of these models into question.

of non-neuronal brain cell called astrocytes 
into neurons16, a solution that holds great 
potential if it can be achieved in individuals 
with Parkinson’s disease.

The authors also found that, despite losing 
the ability to perform their most important 
task — releasing dopamine — the axons of the 
substantia nigra dopamine neurons in the MCI-
Park mice remain intact for an unexpectedly 
long time. These observations suggest that 
there might be a considerable window during 
which axonal degeneration could be prevented 
in the surviving substantia nigra neurons. By 
demonstrating a severe decrease in the func-
tion  of these dopamine neurons before the 
loss of the actual neurons, this work also calls 
into question the widely taught principle 
that most dopamine neurons are dead by the 
time the disease symptoms begin. Instead, it 
supports evidence from post-mortem investi-
gations that many of these neurons in people 
with symptoms of Parkinson’s disease might 
still be living17 and salvageable using future 
disease-modifying therapies.
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Neutrinos are among the most elusive parti-
cles in the Universe — they can pass through 
sophisticated particle detectors without leav-
ing a trace. And yet precise measurement of 
neutrinos is one of the highest priorities in 
particle physics, because it will provide cru-
cial information about the Universe and how it 
was formed. It might also explain why the Uni-
verse seems to be mostly made of matter, even 
though the Big Bang should have created just 
as much antimatter. To obtain such measure-
ments, experiments rely on theoretical models 
that predict how neutrinos interact with the 
nuclei of atoms. On page 566, Khachatryan 
et al.1 (members of the CLAS and e4ν collabo-
rations) report evidence that these models are 
not as accurate as expected — suggesting that 
analysis of current and future experiments 
designed to characterize the properties of 
neutrinos might need to be rethought.

Neutrinos are difficult to detect because 
they interact weakly with the matter around 
them: unlike electrons, they have zero 

electric charge, so they don’t experience a 
force when placed in an electromagnetic 
field; and because they are also very light, 
their mass cannot be measured directly. On 
the rare occasions when neutrinos do inter-
act with their surroundings, they can produce 
particles known as charged leptons — either an 
electron, or one of two other particles known 
as muons and tau leptons, all of which have 
negative electric charge. The type of lepton 
produced depends on a property known as 
flavour, and so there are three flavours of 
neutrino: electron, muon and tau. 

Around two decades ago, scientists realized 
that neutrinos change flavour as they move 
through space2,3. These changes are known as 
neutrino oscillations, and they can occur only 
because each flavour is a mixture — a quan-
tum superposition — of three states that have 
different masses. This means that the oscilla-
tions can exist only if neutrinos have non-zero 
mass. But the idea that neutrinos  have non-
zero mass is inconsistent with the standard 

Particle physics

Electrons show the need for 
improved neutrino models
Noemi Rocco

Experiments on electrons interacting with atomic nuclei have 
shown that the models used to measure neutrino oscillations 
— and thereby possibly to understand the formation of the 
Universe — are less accurate than we thought. See p.566
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